The aim of the study is to examine differential item functioning (DIF) detection methods-the simultaneous item bias test (SIBTEST), Item Response Theory likelihood ratio (IRT-LR), Lord chi square (χ2), and Raju area measures-based on ability estimates when purifying items with DIF from the test, considering conditions of ratio of the items with DIF, effect size of DIF, and type of DIF. This study is a simulation study and 50 replications were conducted for each condition. In order to compare DIF detection methods, error (RMSD) and coefficient of concordance (Pearson's correlation coefficient) were calculated according to estimated and initial abilities for the reference group. As a result of the study, the lowest error and the highest concordance were seen in the case of 10% uniform DIF in the test and the method of IRT-LR, considering all other conditions. Moreover, for the method of SIBTEST and IRT-LR in all conditions, it was found that the error obtained by purifying items with C level DIF is lower than the error obtained by purifying items with both B and C level DIF. Similarly, for the method of SIBTEST and IRT-LR in all conditions, it was seen that the concordance coefficient found by purifying C level DIF is higher than the coefficient by purifying items with both B and C level DIF.
INTRODUCTION
Tests which are used in education and psychology for various purposes should meet specific standards, such as validity, reliability, and practicality. According to Messick (1995) these characteristics are not only the fundamental principles of measurement, but also the social values used by decision-makers in addition to measurement. In this regard, items in the test should not provide advantages or disadvantages for any subgroup at the same ability level. Otherwise, the test will be biased for specific groups. Bias can be defined as a systematic error in test scores depending on a group of individuals (Camilli & Shepard, 1994) . When viewed from this aspect, bias is a major threat for validity and objectivity of a test (Clauser & Mazor, 1998; Kristanjansonn, Aylesworth, McDowell, & Zumbo, 2005) .
The process of investigating item bias starts with examining differential item functioning (DIF), which is based on more objective results and may be a measurement of item bias. DIF is defined as differentiation of the probability of correctly responding to an item if individuals are at the same ability level but from different groups (Hambleton, Swaminathan, & Rogers, 1991) . It is mentioned in the literature that group differences can be caused by two reasons. One of these is real ability DIF is classified as uniform and non-uniform functions in terms of its occurrence (Mellenbergh, 1982) . The basis of this differentiation is that the ability level and group membership together influence the probability of correct response to an item. Accordingly, uniform DIF occurs when the probabilities of correct response to an item for two groups at the same ability level is constant across all ability levels. On the other hand, non-uniform DIF occurs when the probabilities of correct response to an item for two groups at the same ability level is incoherent at different ability levels (Camilli & Shepard, 1994; Penfield & Lam, 2000; Zumbo, 1999) .
Methods of detecting DIF are basically classified according to Classical Test Theory (CTT) and Item Response Theory (IRT). According to CTT, methods of detecting DIF are analysis of variance, chisquare, converted item index, logistic regression, Mantel-Haenszel (MH), and the simultaneous item bias test (SIBTEST). IRT methods are Lord's chi square (χ2), Raju's area measure, and IRTlikelihood ratio (IRT-LR) (Camilli & Shepard, 1994; Oshima & Morris, 2008) . In this study, SIBTEST, IRT-LR, Lord's χ2, and Raju's area measure are examined; the below provides a brief introduction to these tests.
SIBTEST: DIF in the SIBTEST method is based on the comparison of the response rate of the tested item in the focal group and reference group according to true score. This method tests the null hypothesis that the expected value of differences between specified ratios is equal to zero. In this regard, it can be decided whether or not DIF is present and the level of DIF (Roussos & Stout, 1996) . Moreover, on a theoretical basis, this method uses regression-based corrections in order to reduce Type I error (Cheng, 2005) .
IRT-LR: In this method, proposed by Thissen, Steinberg, and Wainer (1993) , item parameters are estimated for the focal and reference groups. For the item parameters, constrained and extended models are generated. While in the constrained model it is assumed that item parameters are equal for both groups, in the extended model it is assumed that item parameters for each tested item are different for focal and reference groups and the same for all other items. The likelihood ratio is calculated for the constrained and extended models for each item, and the null hypotheses are tested for these values (Thissen, 2001 ).
Lord's χ2: In the Lord's χ2 method, variance and covariance of items are calculated for the focal and reference groups in order to detect DIF. These values calculated for the two groups are scaled for the purpose of comparison. These scaled values are calculated by using Lord's χ2. Then, the null hypothesis of no DIF is tested by comparing with critical values and it is decided whether DIF exists or not (Cromwell, 2002) .
Raju's Area Measure: In this method, proposed by Raju (1990) , item characteristic curves are considered while detecting DIF. In the calculation stages, item characteristic curves are drawn based on the probability of correct response to the item for focal and reference groups. If the probabilities of responding to the item are different for two groups, a specific area occurs between the curves, and this area is defined as the area index.
In a test, it is important not only to detect DIF, but also to decide what will be done after detecting items with DIF. It may be required to purify DIF items in order to provide unbiasedness. However, if the item is compulsory or essential for a latent trait or construct, it may not be appropriate to remove the item. Sometimes, editing a relevant item may result in removing DIF, although sometimes this solution may not be enough (Golia, 2015) . When items with DIF exist in the test, it is known that these items will affect test statistics, results, and individual scores; however, it is not known what the effect will be (Li & Zumbo, 2009 ). If it is decided to purify the item from the test, the validity of the test may decrease, depending on the decreasing number of items of test. Moreover, the level at which purifying items with DIF will affect the ability estimation cannot be predicted. In this study, this is In the literature, studies exist about how test statistics change when items are discarded from the test in the case of dichotomous scoring (Lee & Zhang, 2017; Li & Zumbo, 2009; Roznowski & Reith, 1999; Rupp & Zumbo, 2003 Wells, Subkoviak & Serlin, 2002) and polytomous scoring (Golia, 2010 (Golia, , 2015 Tennant & Pallant, 2007) . Some of these studies examined cases within the context of item parameter invariance (Roznowski & Reith, 1999; Rupp & Zumbo, 2003 Well, Subkoviak & Serlin, 2002) , and some of these regard the cases as parameter invariances within the context of DIF as is the case in this current study (Golia, 2010 (Golia, , 2015 Lee & Zhang, 2017; Li & Zumbo, 2009; Tennant & Pallant, 2007) . It can be stated that the studies in this direction are limited. Tennant and Pallant (2007) examined the effects of discarding items with uniform DIF from the test. The results of this study, which was conducted on five categorical items, found that discarding items in significant levels causes differences in individual and group levels. Li and Zumbo (2009) focused on the number of items with DIF and the size of DIF conditions in their study, which aimed to investigate the impacts of keeping and discarding items with uniform DIF. In the study, it was pointed out that when there are few items with DIF and a low size of DIF, even if the items in the test show DIF, the error and the effect size do not change significantly; when the size of DIF increases, discarding items with DIF from the test increases the error. Golia (2010) considered the effects of keeping and discarding three items with uniform DIF in different sizes and found that if there are few items with DIF, keeping them in the test does not affect ability estimations negatively; on the contrary, discarding them from the test has a negative impact on ability estimations. Golia (2015) also studied the effects of having items with DIF in a 15-item test and indicates that when there are three items with DIF or the size of DIF is large, the ability estimation is affected by these conditions. Lee and Zhang (2017) studied uniform DIF and investigated the conditions of the ratio of items with DIF and the existence of items with B and C levels. They also determined items with DIF by using MH methods in their study and they found that when the ratio of items with DIF increased, the ability estimations differed in individual and group levels. Moreover, the study shows that if the items with DIF are in C level, then the ability differences between reference and focal groups will be larger. Similar to this current study, several studies have compared DIF detection methods in the literature. Finch (2005) has compared the methods of MH, SIBTEST, IRT-LR, and MIMIC by considering the ratio of items with DIF. This study indicated that the method of IRT-LR was affected more than other methods when the ratio of items with DIF increased. Finch and French (2007) studied non-uniform DIF and compared the methods of logistic regression, SIBTEST, IRT-LR, and confirmatory factor analysis with the variables of DIF size, sample size, ability distribution, and IRT model. The study, which was conducted on 30 dichotomous items, showed that SIBTEST was the best in terms of Type 1 error and power, but factors that were manipulated did not have significant impact on the methods in terms of Type 1 error. Atalay Kabasakal, Arsan, Gök, and Kelecioğlu (2014) compared the methods of MH, SIBTEST, and IRT-LR in a simulation study conducted on uniform DIF. In this study, the ratio of items with DIF was studied and effect size of DIF was fixed at B level. The results of the study, conducted on dichotomously scored items, indicated that the largest Type 1 error was in SIBTEST method and the smallest Type 1 error was in the IRT-LR method. It also showed that when the ratio of items with DIF was increased, the error increased in IRT-LR and SIBTEST methods, with a larger increase in the SIBTEST method.
This study is different from the other simulation studies (Golia, 2015; Lee & Zhang, 2017; Li & Zumbo, 2009 ) in terms of the method used to detect DIF, number of items in the test, and number of response categories; from this point of view, it aims to evaluate the conditions. This has not been previously covered in the literature. This research also differs from other studies in the literature in terms of purifying the DIF items identified in the methods.
Purpose of the Study
In this study, the aim is to investigate how the errors will change depending on the ability estimates for the DIF detection methods -SIBTEST, IRT-LR, Lord's χ2 and Raju's area measureswhen the items with DIF are purified from the test under the ratio of the number of items with DIF, effect size of DIF, and type of DIF.
METHOD

Research Design
Because the performances of different DIF detection methods are examined under specific conditions and based on the ability estimation obtained by purifying items with DIF from the test, this study was conducted as a Monte Carlo simulation study.
Simulation Conditions
The study investigates DIF detection methods-SIBTEST, IRT-LR, Lord's χ2 and Raju's area measures-through purifying items with DIF according to ratio of items with DIF, effect size of DIF (for SIBTEST and IRT-LR), and the type of DIF. The reason for choosing these four methods in the research is that they are frequently preferred in DIF researches and they are curious about the performance of these methods when item purifying applied. Atalay Kabasakal et al. (2014 ), Finch (2005 , Finch and French (2007) , and Lopez's (2012) studies investigated DIF according to IRT and even though SIBTEST is a CTT-based and a non-parametric method they have used SIBTEST method in their studies. For this reason SIBTEST was included in the current study. Hence, Finch (2005) compared the IRT-based IRT-LR method and the SIBTEST method in his study and pointed out that the SIBTEST provided effective results for the short tests. Also, researchers have included the SIBTEST method in a DIF study based on IRT and CAT (Lei, Chen, & Yu, 2006 ).
In the current study, sample size, test length, ability distribution, item type, and type of IRT model are constant. In the first place, Item type, test length, and IRT model are determined as simulation conditions. Thirty dichotomous items (1-0) were generated according to 3PLM (the three parameter logistic model), which considers the case of responding correctly by chance. Thirty-item tests were selected because the number of items is close to the number of items in high stakes tests in Turkey. Moreover, Downing and Haladyna (2004) indicate that usually a minimum of 30 items are used in achievement tests in order to be representative for the investigating area. Glas and Meijer (2003) used 30 items for the short test form in their simulation study conducted with item response theory. Suh (2016) also created a 30-item test form in their study about multidimensional IRT and DIF.
Secondly ability distribution and sample size are decided as simulation conditions. Ability parameters consisting of 1000 people were generated using normal distribution. Shepard, Camilli, and Averill (1981) stated that it is required to use at least 1000 people in order to obtain stable results.
In this study, the first condition tested for impact was the ratio of the items with DIF. The ratio of the items with DIF was determined to be 10% and 20%. Narayanan and Swaminathan (1994) stated that a 20% DIF item ratio is the worst scenario. In their research, Jodoin and Gierl (2001) studied the 10% and 20% items with DIF ratios. Thus, in 30-item tests, three and six items were made with DIF. The second condition tested for impact was the effect size of DIF. The effect sizes were examined in two ways as C level and B & C level for the methods of IRT-LR and SIBTEST. B & C and C levels were included in the study in order to evaluate the effect of items with middle level (B level) DIF on the ability estimation. The types of DIF were examined through the determination of uniform DIF, non-uniform DIF, and both uniform and non-uniform DIF. The simulation conditions are summarized in Table 1 . 
Data Generation
Firstly, item parameters were generated. In accordance with 3PLM, item parameters were obtained through the software WINGEN 3 (Han, 2007) . While generating parameters, the item parameters that are usually encountered in real test applications were used. From the item parameters, a discrimination parameter was generated using lognormal distribution with a mean of 0 and a standard deviation of 0.2; the difficulty parameter was generated by normal distribution with a mean of 0 and standard deviation of 1; the guessing parameter was generated by beta distribution with an a-value of 8 and a b-value of 32. Kim and Lee (2004) also used similar distributions and values while obtaining test forms in their simulation study. The generated test form is shown in Table 2 . After generating item parameters, ability parameters were generated by normal distribution with a mean of 0 and standard deviation of 1. For the tests consisting of uniform and non-uniform or both types of DIF items, the ability parameters were obtained similarly. Mazor, Clauser, and Hambleton (1993) examined non-uniform DIF and generated abilities for a reference group with a similar distribution and values. In order to make sure that the results are stable, this was repeated 50 times in the study. Harwell, Stone, Hsu, and Kirisci (1996) reported that this should be repeated at least 25 times in Monte Carlo simulation studies. Finally, 1-0 data were created by applying the items to the individuals.
The obtained 1-0 data were rescaled using the software PARSCALE 4.1 (Muraki & Bock, 2003) . This process was done to obtain 50 ability parameters by using items without DIF and to fix abilities for each condition. The a-parameter was increased by .75 for displaying some items in the test to display non-uniform DIF. A similar rate was used in the study of Mazor, Clauser and Hambleton (1993) . They stated that by considering the b-parameter, the difference in a-parameter over a value of .50 increased the rate of detection. Furthermore, the b-parameter was increased by .60 for displaying items in the test uniform DIF. Because the rate of DIF item conditions were being examined, in the first case, this process was applied to three items (Items 7, 12, and 26) and in the second case it was applied to six items (Items 6, 9, 12, 17, 21, and 29) .
For displaying both uniform and non-uniform DIF items in the test, in the case of three items, DIF bparameters of two items were increased by .60 and the a-parameter of one item was increased by .75; in the case of six items, DIF b-parameters of four items were increased by .60 and a-parameters of two items were increased by .75. DIF was randomly assigned to the items. Items with DIF were applied to an individual by using WINGEN; thus, 1-0 data were obtained for focal and reference groups. Simulation conditions were checked by comparing the parameters obtained from focal and reference groups.
Data Analysis
Binary data of focal and reference groups were analyzed using SIBTEST (Li & Stout 1994) , IRTLRDIF (Thissen, 2001) , and the difR package in R software (Magis, Beland, Tuerlinckx, & De Boeck, 2010; Magis, Beland, & Raiche 2013) . For each condition in the SIBTEST and IRTLRDIF software, items with C level DIF and then items with B & C level DIF were removed from the response matrix and estimated using PARSCALE 4.1 software. Using the difR package, items that demonstrated significant DIF according to Lord χ2 and Raju's area measures were removed from the response matrix and estimated similarly with PARSCALE 4.1 software. In order to compare the methods, root mean squared difference (RMSD) and the coefficient of concordance (Pearson correlation coefficient) were calculated from estimated and initial abilities. Below, the criteria used are explained in detail.
RMSD (root mean squared difference)
To calculate RMSD, first the square of the difference between estimated and real ability values were found and summed. After that, this value was divided by the frequency of ability level and the square root of the result was calculated. The following is the equation of the RMSD: (1)
Coefficient of concordance
The coefficient of concordance was calculated depending on the mean of Pearson correlation coefficients between estimated and real abilities of an individual.
In order to determine the effectiveness of DIF detecting methods, all RMSD values and coefficients of concordance that were obtained as a result of repetition according to simulation conditions were examined with the significance tests. For this, firstly the normality of data according to DIF detecting methods were examined and, if the normality conditions were not met, the methods were compared using a Kruskal-Wallis H test. Group comparisons were made by nonparametric multiple comparison test. The ƞ2 value was calculated to determine the effect of DIF detecting methods on RMSD and coefficient of concordance coefficients. The size of the eta square of .01, .06 and .14 respectively shows small, medium and large effect size (Green & Salkind, 2005 
RESULTS
The research results were examined within the framework of the research question and the DIF detecting methods were compared using the error (RMSD) and coefficient of concordance.
The results, obtained from detecting items with DIF and removing them with the different methods according to 10% and 20% item rates and uniform, non-uniform, and both uniform and non-uniform DIF types, are shown in Table 3 . Table 3 illustrates that when the rate of DIF items increases, removing DIF items increases the error.
Only when using Raju's area measures for the non-uniform DIF type, removing DIF items decreased the error when the rate of DIF items increased. As a result of removing items with DIF in all conditions, the method of IRT-LR showed the minimum error in the 10% rate of DIF and uniform DIF type. If the coefficients of concordance were examined, after removing DIF items, the method of IRT-LR showed the maximum correlation in the 10% rate of DIF and uniform DIF type. Furthermore, it is possible to state that, generally, for all types of DIF, correlation coefficients calculated by removing DIF items decrease when the rate of DIF increases. Only in the condition of non-uniform DIF does the coefficient of concordance calculated as a result of removing DIF items increase according to the rate of DIF for the Raju method. Table 4 shows whether the RMSD and the coefficients of concordance have a significant difference according to the DIF detection method. (.588 ). This means that the error value (RMSD) of SIBTEST is lower than Raju area measure. The ƞ2 value was calculated to determine the effect of DIF detecting methods on RMSD coefficients. Consequently, the effect size (ƞ2=.01) was found to be low (Green & Salkind, 2005) . Similarly, it can be seen that there is a significant difference between coefficients of concordance obtained from the simulation conditions according to DIF detecting methods [χ 2 =11.684, p=.009]. The nonparametric multiple comparisons, which were conducted to investigate which groups this difference occurs between, indicate that the difference in concordance coefficients are between the methods of SIBTEST and Lord χ2, as well as SIBTEST and Raju's area measures. Therefore, it can be stated that the mean rank of SIBTEST (653.77) is higher than the mean ranks of Raju area measure (564.98) and Lord χ2 (577.12). In addition, the median of SIBTEST (.749) is higher than the medians of Raju area measure (.745) and Lord χ2 (.744). This means that the coefficient of concordance of SIBTEST is higher than Raju area measure. The ƞ2 value was calculated to determine the effect of DIF detecting methods on concordance coefficients; thus, the effect size (ƞ2=.01) was found to be low level (Green & Salkind, 2005) .
In order to assess the effect of purifying items with B level DIF from the test on ability estimation, firstly items with C level DIF and then items with B & C level DIF in the methods of SIBTEST and IRT-LR were extracted from test; the abilities were estimated later. The error and coefficient of concordance values calculated from the ability levels which were obtained in both cases are shown in Table 5 . Table 5 shows that in the methods of SIBTEST and IRT-LR the error values obtained from purifying C level DIF items are lower than the errors obtained from purifying B & C level DIF items when the rate of DIF items are 10% and 20% and when the type of DIF changes. Both methods at the rate of 10% and 20% DIF showed that the correlation coefficients calculated by purifying C level DIF items in all DIF type conditions were higher than the correlation coefficients calculated by purifying B & C level DIF items.
DISCUSSION and CONCLUSION
This study aims to investigate the effect of purifying DIF items from a test by using different DIF detection methods on individuals' ability estimates. For this purpose, a simulation study was conducted and firstly item parameters and depending on this the ability parameters were generated.
In the fifty-replication study, the data set were generated according to 1000 participants' responses to 30 items and the ability estimates were rescaled after purifying items with DIF.
The abilities determined and scaled through items without DIF are accepted as real abilities. The cases of 10% and 20% DIF items rates in the uniform, non-uniform and both uniform and nonuniform DIF types were examined. Different methods to detect DIF (SIBTEST, IRT-LR, Lord's χ2, Raju's area measures) were used and discussed the effects of these methods on ability estimations. For two conditions in three items with DIF and six items with DIF, the abilities were estimated again after purifying DIF items determined by the methods and then the concordance and error coefficients were calculated according to each method. For the methods of SIBTEST and IRT-LR, purifying only C-level DIF items the ability estimates were calculated and then purifying B & C level DIF items the abilities were estimated. Since there is no such distinction for the methods of Lord's χ2 and Raju's area measures, the values were compared by purifying DIF items at one time.
DIF is caused by the fact that the probability to respond an item correctly of a group is more or less relative to other group depends on not the ability level but the group (Osterlind, 1983; Zumbo 1999) . Therefore, the existence of DIF items in the test can cause bias and error in individuals' ability estimations (Camilli, 1993) . In other words, DIF is an indicator of systematic error of measurement (Camilli & Shepard, 1994; Kelecioğlu, Karabay & Karabay, 2014) . Although DIF items are threats for the validity, since DIF items will cause a bias in ability estimation (Golia, 2015) purifying items may be seen as an appropriate solution to estimate abilities accurately. Lee and Zhang (2017) have found differences in estimations of ability when the ratio of items with DIF increased. Golia (2015) examined how the ability estimations would change in instrument that belonged the polytomously scored items with DIF. If the test belonged more than one items with DIF, there was a significant bias in estimations of ability. Golia (2010) investigated the effects of keeping and purifying three items with uniform DIF in 15 items tests and found that the goodness of ability estimations was not influenced by this condition when the test belonged a few number of items with DIF. Li and Zumbo (2009) studied on the number of items with DIF and the size of DIF by conducting a simulation study. They pointed out that if there was quite a little number of items with DIF or there was a small number of items with DIF and the size of DIF was small, then there was no bias in ability estimations. They also observed that when the number of items with DIF and the size of DIF increased then the errors changed. The studies indicated that if the size of DIF and the ratio of DIF increase, this increase causes the bias in ability estimations. Therefore, in the current conducted study the effects of purifying items with DIF which are determined by the DIF detecting methods were examined when the ratio of items with DIF 10% and 20%. In this way, not only the effects of purifying items with DIF from the test were observed but also the DIF detecting methods were compared. Concordance and error between ability estimation after purifying item which is detected as with DIF through methods, and true abilities in the case of no items with DIF. Thus, the results state that the error which shows the ability estimation differences, increases when the ratio of items with DIF even if these items are discarded. Tennant and Pallant (2007) indicated that there may be differences in individual ability estimations after purifying items with DIF. Similarly, Golia (2010) studied on polytomously (6) a study on nonuniform DIF and compared the methods LR, SIBTEST, IRT-LR and confirmatory factor analysis. They indicated that DIF size, sample size, ability distributions and IRT model had no significant impact on methods when the error was considered. In the current study, it was found that the manipulated factors did not cause a significant difference for the methods of IRT-LR and SIBTEST.
The methods of Lord's χ2 and Raju's area measures are based on the parameter estimations. Therefore, while determining DIF these methods may be affected by the algorithms used in item parameter estimations (Cohen & Kim, 1993) . As a result of this, it is thought that the concordance coefficients of these methods may be lower than the others. Furthermore, in the method of Raju's area measure the situation of when the number of items with DIF increases the error decreases may be caused by the characteristics that the methods are based on.
In this study, for only the methods of SIBTEST and IRT-LR, both the cases of excluding C-level DIF items and the case of excluding B & C level DIF items were examined and compared. In the methods of SIBTEST and IRT-LR under the conditions of 10% and 20% DIF items ratio, when only C-level DIF items were extracted, the error ratio was found to be lower and the concordance index were found to be higher. Lee and Zhang (2017) remark that when the items with DIF is in C level instead of B level, the difference in ability estimations will be larger. The results support this finding.
Since items in B level do not affect ability estimations negatively as in C level, keeping B level items in test may decrease the error of ability estimations. Furthermore, purifying items in B and C level decreases the number of items in test. This situation may cause finding the larger error after purifying items in B and C level. In this situation, for SIBTEST and IRT-LR under this condition, it can be said that the error of ability estimation increases when items with B-level DIF are extracted from the test. Therefore, for the conditions in this study it may be suggested that items with B-level DIF should not be excluded from the test in the methods of SIBTEST and IRT-LR.
In the scope of this study, for the investigation of the effect of purifying DIF items from the test on the ability estimations, different methods were compared according to uniform, non-uniform, both uniform and non-uniform DIF types under the 10% and 20% DIF item ratios. There were differences between the methods in terms of the error and concordance coefficients. Further studies may repeat this under similar conditions by using different IRT estimation methods. Moreover, when the conditions and methods change the obtained results will be different. Therefore, the effect of purifying items with DIF on ability estimations may be examined under different conditions and using different methods.
